siana aerial parts were collected during June-July 2014 from Xiaolongmeng National Forest Park (Mentougou District, Beijing, China) . Voucher specimens (Voucher specimen number 14-12-AS-02) of the identified species were deposited with the Herbarium (BNU) of the College of Life Sciences, Beijing Normal University. The aerial parts of the plant were thoroughly washed with tap water, shade dried and then chopped into small pieces. Ethanol (90%) was used for cold extraction which was carried out for 48 hours in an extraction apparatus. The extract was then concentrated under reduced pressure in a rotary evaporator at 45ºC and was then kept in a refrigerator at 4ºC prior to use.
Chemicals and reagents:
Growth medium RPMI-1640, minimum essential medium (MEM), fetal calf serum (GIBCO), trypsin, penicillin, MTT, streptomycin, DMSO and phosphate buffer saline (Hangzhou Sijiqing Biological Products Co., Ltd, China) were used in this study. MTT kit, acridine orange/ethidium bromide dye, Hoechst dye were obtained from Roche (USA), annexin V-FITC-propidium iodide apoptosis detection kit was purchased from Sigma-Aldrich Corporation (St. Louis, MO, USA). All other chemicals and solvents used were of the highest purity grade.
Cell lines and culture condition: Three colon cancer cell lines viz., HT-29, HCT-15 and COLO 205 (human colon cancer cells) were procured from Shanghai Institute of Cell Resource Center of Life Science (Shanghai, China). The cells were cultured in minimum essential medium (MEM) supplemented with 10% fetal bovine serum, 100 U/mL penicillin and 100 μg/mL streptomycin. The cells were kept at 37°C in a humidified atmosphere containing 5% CO2. The cells were treated with different concentrations of the A. sieversiana extract (0, 15, 25, 35, 45, 75 and 125 µg/mL).
Cell viability testing by MTT assay:
The effect of the A. sieversiana extract on the cell viability was evaluated by the MTT assay, which relies on the reduction of a tetrazolium salt by mitochondrial succinate dehydrogenase in living cells. The cells were seeded in a 96-well plate at a density of 2 × 10 5 cells/mL, treated with the extract, and incubated for 48 hours. After that MTT stock solution (50 μL, 2 mg/mL) was added to each well to attain a total reaction volume of 350 μL. After incubation for 4 hours, the supernatants were removed. The formazan crystals in each well were then dissolved in 100 μL dimethyl sulfoxide (DMSO) and the absorbance was measured in an ELISA reader (Thermo Molecular Devices Co., Union City, USA) at 570 nm.
Phase contrast microscopic study of cellular morphology: Phase contrast microscopy was carried out to assess the morphological alterations in the COLO-205 colon cancer cells. The cells incubated for 48 hours and treated with A. sieversiana extract at various concentrations (0, 25, 45 and 75 μg/mL). Control cells treated with 0.4% DMSO alone were also incorporated. The morphological changes were detected and the images were captured under an inverted light microscope (Olympus, PA, USA) after 48 hours. The same spot of cells was marked and photographed.
Fluorescence microscopy using acridine orange/ethidium bromide staining (AO/ETBR): Morphological indication of apoptosis was evaluated by means of acridine orange and ethidium bromide staining as described previously (Martin and Leonardo, 1994) . After extract treatment at various doses (0, 25, 45 and 75 µg/mL), COLO-205 cells in 8-well chamber slides were stained with acridine orange and ethidium bromide (10 μg/mL each). Cells were examined by fluorescence microscopy (Olympus BX51 microscope, NY, USA) and photogra-phed using SPOT RT software (Olympus). Acridine orange infiltrates through the cells and makes the nuclei green.
Determination of mitochondrial membrane potential (ΔΨm) in COLO-205 colon cancer cells:
The human colon cancer cells (COLO-205) were seeded at 2 x 10 5 cells/well into 6-well plates. After 24 hours incubation, cells were treated with variable doses (0, 25, 45 and 75 µg/mL) of A. sieversiana extract for 48 hours. Untreated and treated cells were harvested and washed three times with phosphate buffer saline. The cell pellets were then resuspended in 20 mL of fresh medium containing 5.0 μM rhodamine-123 and incubated at 37 º C in a thermostatic bath for 20 min with slight shaking and then analyzed using FACS Calibur instrument (BD Biosciences, San Jose, CA) equipped with CellQuest 3.3 software in the Fluorescence-activated Cell Sorting (FACS) machine.
DNA Fragmentation Analysis following A. sieversiana extract treatment:
For quantification of DNA fragmentation, cellular DNA fragmentation was evaluated by analysis with a DNA fragmentation kit (Roche Diagnostics, Mannheim, Germany) according to the manufacturer's instructions. The COLO-205 cells (2 x 10 5 cells/ well) were plated in 6-cm dish and then subjected to the treatment of increasing concentrations (0, 25, 45 and 75 µg/mL) of the A. sieversiana extract for 48 hours. After treatment, the cells were washed twice with ice-cold phosphate buffer saline and resuspended in lysis buffer (25 mM Tris-HCl, pH 7.4, 5 mM EDTA and 0.5% SDS) with 3.0 mg/mL RNase A for 20 min at 55ºC. Then proteinase K was added and the cells were incubated overnight. Separation of DNA was performed using 4% agarose gel and analyzed under UV light after staining with ethidium bromide (ETBR).
Statistical analysis:
The values were shown as mean ± standard error of the mean. Results were analyzed using analysis of variance and Tukey's test to determine pair wise differences. P<0.05 was considered significant.
Results

A. sieversiana extract induced potent antiproliferative effects in all three human colon cancer cells:
The antiproliferative activity of the extract against human colon cancer cells were assessed by MTT assay. Increasing concentrations of the extract (0, 15, 25, 35, 45, 75 and 125 µg/mL) were tested against the cancer cells. All the three colon cancer cells were highly susceptible to the growth inhibitory effect of the extract, but COLO-205 cells were the most affected cancer cells among the three. All the cancer cells showed concentration dependent growth inhibition. Figure 1 shows the effect of the various doses of the extract on the growth inhibition of various colon cancer cells. The IC50 values of the extract against HT-29, HCT-15 and COLO-205 cancer cells were found to be 52.1, 43.2 and 38.6 µg/ mL respectively indicating that the extract was most active against COLO-205 cells.
Morphological changes induced by A. sieversiana extract in COLO-205 colon cancer cells detected by phase contrast microscopy:
Since COLO-205 cancer cells were the most affected among the different tested colon cancer cells. We performed further experiments on COLO-205 cells only. Morphological study using phase contrast microscopy revealed that the extract induced growth inhibition and cellular shrinkage in COLO-205 colon cancer cells. As shown in Figure 2 A-D, the morphological changes indicate that the cells in the extract-treated and the control groups differ substantially. Some of the cells removed from the surface and debris were also detected in the plate of the A. sieversiana extract-treated group, but the control (untreated cells) cells were well spread with flattened morphology. The number of cells with shrinkage increased with increase in extract concentration. 
Morphological changes in COLO-
Mitochondrial membrane potential (MMP) loss induced by A. sieversiana extract in COLO-205 cells:
Rhodamine-123 is the mostly used dye for determining mitochondrial membrane potential (MMP) loss in cells. In this study, A. sieversiana extract induced potent DNA damage in COLO-205 cells: DNA fragmentation along with the chromatin condensation is the hallmarks of cellular apoptosis process. In the current study, DNA fragmentation of A. sieversiana extract-treated cells was studied by observation of the formation of DNA ladder. As shown in Figure 5 , DNA ladder appeared to be more marked with the increasing extract dose, however, no DNA fragments were observed in the control groups ( Figure 5, left panel) . This effect was seen to increase with the increasing dose of the extract.
Discussion
Previous phytochemical investigations on A. sieversiana have revealed that flavonoids, lignans, terpenoids, sesquiterpene lactones, guaianolides etc are the main chemical constituents of this plant (Bohlmann et al., 1985; Tan et al., 1998; Tang et al., 2000; Suleimenov et al., 2007) . Various extracts of A. sieversiana have been found to exert strong insecticidal activity against Callosobruchus chinensis, maize weevil Sitophilus zeamais Motsch. A. sieversiana also contains essential oil in its aerial parts and various volatile chemical components have been identified by gas chromatography mass spectrometry. These components include eucalyptol (9.2%), geranyl butyrate (9.1%), borneol (7.9%), camphor (7.9%), germacrene D (5.5%) and caryophyllene (5.3%) (Yuan et al., 2007; Liu et al., 2010) .
In the present study, we report the anticancer activity of the ethanol extract of A. sieversiana in three colon cancer cell lines (HT-29, HCT-15 and COLO-205) along with reporting its effect on apoptosis induction, mitochondrial membrane potential and DNA damage in COLO- The results of this investigation reveal that ethanol extract of A. sieversiana induces a potent cytotoxic effect on all three colon cancer cell lines with COLO-205 cell line being the most affected one. Further, using phase contrast and fluorescence microscopy, we also investigated the effect of the extract on cellular morphology. The extract induced a significant distortion on the cellular morphology of COLO-205 cancer cells. Loss of mitochondrial membrane potential was observed by flow cytometry following extract treatment at increasing doses. DNA ladder appeared to be more marked with the increasing extract dose, however, no DNA fragments were observed in the control groups.
In conclusion, herbal extract of A. sieversiana exhibits anticancer effects in COLO-205 cells through the induction of apoptosis, loss of mitochondrial membrane potential and DNA damage.
